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A B S T R A C T 23 of 42, or 55%, of patients with sys-
temic lupus erythematous had immunoglobulin deposits
along the epidermal basement membrane of uninvolved
skin (positive lupus band test [LBT]). In patients with
low serum complement levels, 91% had a positive LBT),
as compared with 15% in those with normal complement
levels. The LBT was positive in 70% of patients with
clinical and laboratory evidence of renal disease, but
in only 31% of patients without renal disease. 81% of
patients with the more severe histologic forms of lupus
nephritis, i.e., proliferative glomerulonephritis and mem-
branous glomerulonephritis, had positive tests, whereas
only 23% with mesangial glomerulitis or normal histo-
logic findings were positive. Immunoglobulins of the
same class found in the skin were detected in the glo-
meruli of patients examined by renal biopsy. These re-
sults suggest that there is a relationship between the
occurrence of immunoglobulin in the epidermal base-
ment membrane and the presence of the more severe
forms of lupus nephritis.

INTRODUCTION
Patients with systemic lupus erythematosus (SLE)1
may have immunoglobulins (IgG, IgA, and IgM) and
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1 Abbreviations used in this paper: ANA, antinuclear

antibody; C'Ho, total hemolytic complement; CNS, central
nervous system; EBM, epidermal basement membrane;
GBM, glomerular basement membrane; LBT, lupus band

complement at the dermal-epidermal junction of clini-
cally uninvolved skin (1-6). Although there is general
agreement that this finding by the direct immunofluores-
cence technique is of value in establishing the diagnosis
of SLE, its association with other stigmata of the dis-
ease, especially renal involvement, is not settled (5-9).
In 1968, Pohle and Tuffanelli (5) suggested a possible
relationship between renal involvement and the presence
of immunoglobulin in normal-appearing skin of SLE
patients. Subsequently, Burnham and Fine (7) substan-
tiated this relationship by reporting a correlation be-
tween immunoglobulin deposition in the skin and the
presence of renal involvement. They found kidney in-
volvement three times more frequently in lupus band
test (LBT)-positive patients than in LBT-negative pa-
tients; however, their study did not include histologic
classification of the renal lesions. In contrast, Caperton,
Bean, and Dick (8) observed no relationship between
the LBT and the presence of renal disease in patients
followed over a 1-yr period. On the basis of renal biop-
sies from 12 patients, they also concluded that there was
no relationship between the renal pathology and the re-
sult of the LBT. This investigation, however, included
only a small number of LBT-negative patients. More-
over, these investigators biopsied light-exposed skin,
whereas Burnham and Fine examined skin from light-
protected sites, which have a lower incidence of LBT-
positivity (9).
The present report presents the results of a prospec-

tive study designed to determine whether immunoglobu-

test; Memb GN, membranous glomerulonephritis; Mes G,
mesangial glomerulitis; nDNA, native DNA; PBS, phos-
phate-buffered saline; PGN, proliferative glomerulonephri-
tis; SLE, systemic lupus erythematosus.
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lin deposition in the normal-appearing skin of SLE pa-
tients is associated with the presence or subsequent de-
velopment of significant renal disease. The findings in
the skin have been related to clinical and laboratory
parameters of renal disease and to the histologic and
immunofluorescent findings on renal biopsy.

METHODS
Patients and controls. 3-mm punch biopsies of normal-

appearing skin from the medical aspect of the volar fore-
arm were obtained from 40 women and 2 men. Each patient
had a minimum of 4 of the 14 preliminary American Rheu-
matism Association criteria for the classification of SLE
(10). 30 were black; 8 white, and 4 Mexican-American.
The average age was 35 yr (range 15-64). Patients fol-
lowed for less than 6 mo from the time of biopsy were not
included unless death related to SLE supervened. Patients
receiving immunosuppressive drugs before the initial bi-
opsy were excluded from the study. All patients were seen
at 1- to 2-mo intervals and examined closely for clinical
and laboratory evidence of renal involvement.
As controls, normal skin was obtained from 5 healthy

volunteers, 5 fresh cadavers, and 65 patients with a variety
of diseases. These included: rheumatoid arthritis (10),
dermatomyositis (4), scleroderma (4), secondary syphilis
(4), Australia antigen-positive hepatitis (8), chronic glo-
merulonephritis (5), drug-induced lupus erythematosus (4),
discoid lupus erythematosus (10), lupoid hepatitis (2), pri-
mary biliary cirrhosis (2), and miscellaneous skin diseases
(12). Examination of hematoxylin-eosin-stained sections of
the skin biopsy material by routine light microscopy showed
no cellular infiltrate or evidence of tissue damage.

Criteria for renal disease. Active renal disease was con-
sidered present on the basis of: microscopic hematuria
(more than five red blood cells/high power field [HPF])
and/or cylindruria (presence of granular, cellular, or red
cell casts) on two or more occasions; 24-h protein excretion
over 500 mg; increased level of serum creatinine and blood
urea nitrogen; and creatinine clearance below 80 ml/min. A
reduced creatinine clearance, plus one or more of the other
abnormalities, was required for a diagnosis of significant
renal involvement.
Renal biopsy was carried out on all patients with clinical

evidence of active renal involvement as determined by the
above criteria. 29 patients received renal biopsy. The biop-
sies were classified according to light microscopic findings
into the following categories: proliferative glomerulone-
phritis (PGN), membranous glomerulonephritis (Memb
GN), mesangial glomerulitis (Mes G), or normal. The cri-
teria used for each of these classifications were: (a)
PGN-proliferative lesions involving both endothelial and
mesangial cells accompanied by cellular necrosis, fibrinoid
change, wire loops, or hematoxylin bodies; closure of the
capillary loops and distortion of the mesangial areas. (b)
Memb GN-widespread thickening of the glomerular base-
ment membrane (GBM) without cellular proliferation. (c)
Mes G-definite mesangial sclerosis and/or hypercellularity
involving either all glomeruli or only a fraction of the
glomeruli in either a local or a diffuse manner in each
glomerulus; usually, an increase in the mesangial matrix
accompanied by an increased number of mesangial cells.
(d) Normal-glomeruli free of lesions.
Parameters of disease activity. The following studies

were carried out at the time of the skin biopsy: complete

blood count, erythrocyte sedimentation rate, total hemo-
lytic complement (C'Hw0), antinuclear antibody (ANA)
test using rat kidney sections as substrate (positive titer,
1/16), and the renal function studies. These tests were
repeated at 2-3-mo intervals. Antibodies to native DNA
(nDNA) were measured coincident with the LBT in 10
patients by using the method of Ginsberg and Keiser (11).
C'H50 was measured by microtitration, according to the
technique of Nelson, Jenson, Gigli, and Tamura (12).
Processing of skin biopsies. The skin biopsy specimens

were placed in 1 X 2-inch cylindrical plastic containers
(Olympic Plastic Co., Los Angeles, Calif.), immersed in
Tissue-Tek (Ames Co., Elkhart, Ind.), and immediately
frozen in liquid nitrogen. The tissue was then stored at
-700C until processing. 4-,gm cryostat sections were al-
lowed to air-dry for 15 min and then were washed in 0.01
M phosphate-buffered saline (PBS), pH 7.2. Sectioning
and staining were always done within 2-3 days after biopsy
and repeated on one or more occasions if positive. Con-
sistent morphologic and immunofluorescent findings could
be observed after as long as 21 mo of storage at 70'C.
However, when tissue was thawed and refrozen, the in-
tensity of the fluorescence diminished.
Immunofluorescence tests. Washed tissue sections were

incubated for 30 min at room temperature in a moist cham-
ber with fluorescein-conjugated goat antihuman IgG, IgM,
IgA, and C3. The excess antiserum was removed and the
slides were washed for 30 min with three changes of PBS.
A cover slip was then mounted with 90% glycerol in PBS.
All skin biopsy material was examined by the same ob-
server (J. G.) using an Ortholux fluorescence microscope
equipped for epi-illumination (E. Leitz, Inc., Rockleigh,
N. J.) (12). An HBO 100 ultrahigh pressure mercury lamp
(E. Leitz, Inc.) and K490 and K510 filters were used. Photo-
micrographs were taken with a Leitz Orthomat camera on
highspeed Ektachrome (Eastman Kodak Co., Rochester,
N. Y.). Sections of skin from normal individuals and from
patients with known positive LBT were routinely employed as
controls. Blocking experiments were carried out in the initial
phases of the study by preincubating the tissue with non-
fluoresceinated specific antisera followed by incubation with
the corresponding labeled antiserum to check the specificity
of the staining. Unfixed tissue from 12 renal biopsies was
available. This material was processed, stained, and ex-
amined in blind fashion as described above for the presence
of immunoglobulins (IgG, IgA, IgM) and complement
(C3).
Antisera. Commercial goat antihuman sera, both free

and fluorescein-conjugated, were obtained from Meloy Lab-
oratories, Springfield, Va. All had a protein content of 10
mg/ml, with fluorescein-to-protein molar. ratios as follows:
anti-IgG, 3.8; anti-IgA, 2.6; anti-IgM, 3.4; and anti-C3, 4.2.
Dilutions of antisera were employed, as follows, in order
to reduce nonspecific staining: anti-IgG 1:16, anti-IgA
1: 8, anti-IgM 1: 8 and anti-C3 1: 8. Antisera to IgD and
IgE (Meloy Labs.) were also used in a few instances.
Skin specimens were designated as showing a positive LBT
when any one of the immunoglobulin classes was detected
along the epidermal basement membrane (EBM).
Light microscopy. Representative cryostat-sectioned tis-

sue was fixed in 10% formaldehyde solution and subse-
quently stained with hematoxylin-eosin for routine light
microscopy.

Statistical calculations. The log-likelihood chi-square
test was used for analysis of contingency tables.
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FIGURE 1 Biopsy specimen of clinically uninvolved skin from a patient with SLE stained
with fluorescein-labeled antihuman IgG. A band of granular fluorescence is seen at the dermal-
epidermal junction. (X 250).

RESULTS
Immunoglobulin staining of the EBM. In agreement

with previous reports (7, 12), immunoglobulin was
present in a thready, stippled, or granular band along
the EBM in 23 (55%) of the 42 SLE patients. The most
common was a granular pattern (Fig. 1) which varied
in intensity and thickness from patient to patient and
on repeated biopsy in the same patient.

23 patients showed positive reactions for one or more
of the immunoglobulin classes (Table I). 21 stained
positively for IgM, 19 for IgG, and 4 for IgA. 17 pa-
tients showed both IgM and IgG. Complement (C3)
staining occurred in 10 cases, of which 8 stained also
for IgG and IgM. The other two had either IgG or IgM
staining. Positive sections from five patients were
stained with antisera to human IgD and IgE. IgE
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was absent in all; however, one specimen stained for
JgD.
Of the control biopsies, specimens from 10 normal

subjects and 63 of 65 patients with miscellaneous dis-
eases were LBT-negative. The two subjects in the dis-
ease control group who were LBT positive had bullous
pemphigoid, a common finding in this disease. In each
case, the linear staining pattern characteristic of pemphi-
goid was observed.

Jinmunoglobulin staining of the GBM. In 12 patients,
LBT were performed simultaneously with renal biopsy.
All of the renal biopsy specimens examined had positive
GBM staining (Table II). 11 of 12 stained for IgG,
11 for IgM, and 7 for IgA. 10 showed both IgG and
IgM staining. Complement (C3) staining occurred in
11 of 12. The single exception (M. S.) showed only
JgG in the GBM, had a normal serum complement level,
and showed no EBM staining. 10 of the 11 with comple-
ment had both IgG and IgM staining; 1 had IgM alone.

Table II shows the EBM-staining reaction in the 12
patients in whom GBM staining was done. It can be
seen that in all instances in which an immunoglobulin
of a particular class was present in the skin, it was also
found in the kidney. The reverse was not true, however,
since in 4 of the 12 patients, immunoglobulin classes de-
tected in the kidney were not present in the skin. Nega-
tive GBM-staining reactions invariably corresponded
with negative EBM staining.
LBT in relation to clinical and laboratory features of

SLE. The LBT was uninfluenced by the presence of
acute skin lesions elsewhere (Table III). Of 14 patients
with such lesions, 7 were LBT positive and 7 LBT nega-

tive. However, the frequency of chronic scarring (dis-

TABLE I
Immunofluorescence Data on LBT-Positive Skin Biopsy

Specimens of SLE Patients

Patient

R. M.
D. P.
B. L.
J. U.
M. H.
T. R.
J. W.
J. A.
L. S.
G. H.
M. G.
M. D.
R. A.
L. T.
L. D.
M. G.
J. V.
D. A.
T. S.

M. A.
V. P.
C. P.
J. M.

IgG 1gM

+ +

+ +

+~ +

+ +

+ +

+ +

t

+ +

+ +

+

+ +

+ +

+

+ +
+

+

+ +
+ +

+

+ +

+

IgA C3

- ND*
+ ND

+

ND
- ND

+ -

+ +

+ -

+

_ +

+

* ND-not done.
I i-weakly positive.

coid) skin lesions bore an inverse relationship to the
LBT, since of 12 patients with such lesions, 10 were

LBT negative and only 2 were LBT positive. Central

TABLE II
Immunofluorescence Data on Skin and Renal Biopsy Specimens in the Same SLE Patient

in Relation to Other Laboratory Features

Renal Immunofluorescent staining
histologic ANA

Patient classification LBT IgG IgA IgM C3 pattern C'Hso*

FBM/GBM

D. P. PGN + +/+ +/+ +/+ +/ND Periph. 18
M. A. PGN + +/+ -/+ +/+ +/+ Periph. 20
M. D. PGN + +/+ -/+ +/+ +/+ Retic. 40
P. G. PGN + +/+ -/4 -/4 +/+ Periph. 35
T. S. PGN + +/+ -/+ -/ +/+ Homog. 40
J. U. PGN + +/+ -1- +/+ +/ND Homog. 21
B. M. PGN - -1+ -1- -1+ -1+ Homog. 110
R. W. Memb GN - -1+ -/- -1+ -1+ Homog. 100
B. L. Memb GN + +/+ +/+ +/+ +/+ Homog. 43
M. G. Mes G + +/+ +/+ +/+ +/+ Periph. 17
M. S. Mes G - -/+ -1- -/- -/- Neg. 120
G. D. Normal - -1- -1- -1+ -/+ Homog. 60

* C'H5r, total hemolytic complement, normal range 55-110 hemolytic units.
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TABLE II I
Extrarenal Clinical Features in Relation to the LBT

Number Number Number
of LBT LBT

Clinical features patients positive negative

Arthritis 36 21 15
Skin involvement
Acute lesions 14 7 7
Chronic scarring lesions 12 2 10
Alopecia 9 5 4

Serositis 21 11 10
Vasculitis 9 3 6
Recurrent thrombophlebitis 3 0 3
CNS involvement 8 2 6
Lymphadenopathy 5 3 2
Raynaud's phenomenon 5 2 3
Myositis 3 3 0

nervous system (CNS) involvement, which occurred in
eight patients, was also less common in LBT-positive
patients, since six of these patients were LBT negative
and two were LBT positive. Vascular complications,
other than in the CNS, were also less frequent in LBT-
positive patients; of nine cases with vasculitis, three
were LBT positive and six were LBT negative. Recur-
rent thrombophlebitis was a prominent clinical feature
in three LBT-negative patients. The incidence of arthri-
tis, serositis, alopecia, Raynaud's phenomena, and lym-
phadenopathy was similar in both the LBT-negative
and -positive groups.
The LBT was uninfluenced by prednisone therapy in

the dosages administered. 13 of the 23 LBT-positive
patients (57%) received prednisone in an average dos-
age of 34 mg daily (range 10-100 mg), while 12 of the
19 LBT-negative patients (63%) received this drug in
an average dosage of 25 mg of prednisone daily (range
5-90 mg). It appears unlikely from these data that cor-
ticosteroid therapy influenced the results of the LBT.
38 of the 42 patients tested gave positive antinuclear

fluorescence tests. The LBT was associated with a
positive ANA test at the time of biopsy in 21 of the 23
LBT-positive patients and 17 of the 19 LBT-negative

TABLE IV
ANA Tests in Relation to the LBT in 42 Patients

LBT
Number

of Number Number
Staining pattern patients positive negative

Homogenous 25 12 13
Peripheral 7 6 1
Reticular 6 4 2
Negative 4 2 2

patients, indicating no differences in frequency of ANA
reactions in LBT-positive and -negative patients. The
homogenous staining pattern, which was the most com-
mon, occurred with equal frequency in both groups (Ta-
ble IV). The sera of six patients gave a reticular pat-
tern; four were LBT positive and two negative. How-
ever, among seven with a peripheral staining pattern,
all but one was LBT positive. LBT test and determina-
tions of anti-nDNA were simultaneously carried in 10
patients. Seven had anti-nDNA in significant concentra-
tion (greater than 1.4 Ig/ml). Six of these seven (86%)
were LBT positive.

Depressed serum complement levels (C'Hso) were al-
most invariably associated with a positive LBT (Table
V). 20 of the 22 patients (91%) with low serum com-
plement levels were LBT positive, whereas only 3 of 20
(15%) with normal complement levels were positive
(P> 0.001).
LBT in relation to renal disease. The LBT was posi-

tive in 18 of the 26 patients (70%) with renal involve-
ment, as compared with 5 LBT-positive patients (31%)
of the 16 without evidence of renal involvement (Table
VI). The difference was significant (P < 0.025). Four
of nine LBT-positive patients who initially had no clini-
cal or laboratory evidence of renal disease subsequently
developed overt renal disease after an average period
of 4 mo, suggesting that the LBT may have predictive
value in this regard. All four had depressed serum com-
plement levels at the time of the initial positive LBT.
Three of these patients were submitted to renal biopsy.
PGN was found in two and Mes G in one. In contrast,
none of 11 patients with initial negative skin biopsies
later developed renal involvement during an average
follow-up period of 16 mo.

Table VII summarizes the relationship between the
LBT and the histopathologic findings on 29 renal biopsy
specimens. These were classified in two groups based
on the known correlation of renal histopathologic changes
in SLE with subsequent progression and prognosis
(15). In group I are included the patients with relatively
more severe and progressive forms of SLE renal disease,
PGN and Memb GN. Group II contains those with
Mes G or with normal findings. Mes G is a relatively
mild focal lesion which has been shown to be associated
with a good prognosis (16). 10 of the 11 patients with
PGN and 3 of the 5 with Memb GN were LBT positive.
Thus, in the group with more severe renal involvement,
13 of 16 patients, or 81%, had positive LBT. On the
other hand, only 3 of the 13 group II patients (23%)
were positive. The difference between the two groups
was significant. The only patient with PGN who had a
negative LBT had end-stage renal disease when tested.
In contrast to the other patients with PGN, her serum
complement levels were consistently normal during the
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6-mo period over which she was followed before her
death. Renal tissue obtained at autopsy showed diffuse
sclerosis of almost all of the glomeruli.

DISCUSSION
In these studies, significant relationships were observed
between the presence of immunoglobulin deposits along
the EBM of normal-appearing skin of SLE patients and
the occurrence of hypocomplementemia, clinical evidence
of renal disease, and pathologic evidence of either PGN
or Memb GN. While 91% of patients with low serum
complement levels showed positive tests, only 15% with
normal levels were LBT positive. Furthermore, 70%
of patients with clinical evidence of renal disease were
positive, while only 31% without such evidence showed
positive tests. Finally, the LBT was positive in 81%
of SLE paitents with either PGN or Memb GN, but
only 23% with the relatively benign renal biopsy finding
of Mes G or with normal findings were LBT-positive.
These relationships suggest that the immunoglobulin

TABLE V
Relationship Between Serum Complement Level

(C'H50) and the LBT

Number Number
of LBT %

C'Ho patients positive Positive

Low 22 20 91
Normal* 20 3 15

P <0.001.
* Normal range, 55-110 hemolytic U.

deposits in the skin and kidney may share a common
pathogenic mechanism. This concept is further strength-
ened by the finding of a close correlation between the
immunoglobulin classes in the skin and in the kidney.
It is also of interest that most of the patients with anti-
nDNA in the serum or with a peripheral antinuclear
staining pattern were LBT positive, since these findings
are correlated with the occurrence of activity (18) and
renal disease (19) in SLE.

Further evidence of a relationship between the LBT
and renal involvement was the finding that 4 of 9
LBT-positive patients, who initially, had no evidence
of renal disease, subsequently developed renal involve-
ment confirmed by renal biopsy, while none of 11 LBT-
negative patients developed renal disease during a simi-
lar follow-up period. The latter observation raises the
possibility that a positive LBT may help identify the
patient at risk with respect to later renal involvement.
Kidney damage in SLE is believed to be mediated by

immune complex deposition (20-22). It is associated

TABLE VI
Relationship Between the LBT and the Presence

of Clinical Renal Disease

Clinical Number Number
evidence of LBT- %
of disease patients positive Positive

Present 26 18 70
Absent 16 5 31

P < 0.025.

with depressed serum complement levels (19, 23) and
circulating immune complexes (22-24). Our finding of
an association between immunoglobulin deposition in
uninvolved skin and the presence of serious renal dis-
ease and low serum complement levels suggests that
immune complex deposition is also occurring in the skin.
Direct evidence for this supposition has been provided
by elution studies of SLE skin (25), which have dem-
onstrated the presence of antinuclear antibody in eluates,
and by ultrastructural studies (26) which have shown
electron-dense deposits beneath the EBM of SLE skin.
The recent finding in this laboratory of immunoglobulin
deposits in the laryngeal basement membrane of an
LBT-positive patient with SLE (27) offers further evi-
dence for the systemic character of this phenomenon and
minimizes the significance of local factors in its pro-
duction It is of interest that discoid lupus erythema-
tosus, in which renal involvement does not occur, is not
associated with deposits in the uninvolved skin, although
deposits are found in lesional skin (14).
A plausible explanation for the presence of immuno-

globulin in the EBM would appear to be the deposition
of circulating immune complexes resembling those
found in the kidney, i.e., DNA combined with an anti-
DNA antibody. The association of the skin deposits
with hypocomplementemia, serum antibody to native
DNA, and lupus nephritis would suggest that the anti-
body in the skin may in large part be anti-nDNA, since
it is this antibody which is critically associated with
hypocomplementemia and renal involvement in SLE
(19).

TABLE VI I
Relationship Between the LBT and Renal Histologic Findings

LBT Total %
Group Classification Patients positive positive Positive

I PGN 11 10 13 81
Memb GN 5 3

II Mes G 9 3 3 23
Normal 4 0
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